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(54) SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of growing a lattice- 
relaxed germanium film or silicon germanium film having only a few defects 
and a good crystallinity on an insulator substrate or on a monocrystalline 
silicon film formed on an insulation film. 

SOLUTION: The method of manufacturing a semiconductor device 
comprises a process of epitaxial growth of the silicon - germanium mixed 
crystal film, or the germanium film or a multilayer monocrystalline film 
thereof, on the insulation substrate or on the monocrystalline silicon thin 
film on the insulation film; and a process of accelerating lattice relaxation 
by conducting a heat treatment after the former process or in the middle 
of the former process. 
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* NOTICES* * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by having the function to provide the epitaxial film which consists of 
any of the silicon germanium mixed-crystal film, the germanium film, or its multilayer single crystal film on the single- 
crystal-silicon thin film formed on the insulator substrate or the insulator layer, and to change an extraneous light input 
signal into an electrical signal. 

[Claim 2] The semiconductor device according to claim 1 characterized by having the P type conductive layer by which 
the acceptor atom was poured into said epitaxial film at high concentration, an intrinsic-semiconductor layer, and the N 
type conductive layer by which the donor atom was poured into high concentration. 

[Claim 3] The semiconductor device according to claim 1 characterized by having a metal membrane and an epitaxial 
film and the metal membrane concerned concerned forming the Schottky barrier on said epitaxial film. 
[Claim 4] The single-crystal-silicon thin film formed on said insulating substrate or the insulator layer is a 
semiconductor device according to claim 1 characterized by having silicon-on sapphire (SOS) structure or silicon on 
insulator (SOI) structure. 

[Claim 5] The manufacture approach of the semiconductor device characterized by having the process which carries out 
epitaxial growth of the silicon germanium mixed-crystal film, the germanium film, or its multilayer single crystal film to 
an insulating substrate or the single-crystal-silicon thin film on an insulator layer, and the process to which grid 
relaxation is urged by heat treatment in a process in the middle of [ its ] after that. 

[Claim 6] The process which gives said epitaxial growth is the manufacture approach of the semiconductor device 
according to claim 5 characterized by being either metal-organic chemical vapor deposition (Metal Organic Chemical 
Vapor deposition;MO-CVD method), a molecular-beam grown method (Molecular Beam Epitaxy; MBE law) or ultra- 
high-vacuum vapor growth (Ultra High VacuumChemical Vapor Deposition;UHV-CVD method). 
[Claim 7] Said heat treatment process is the manufacture approach of the semiconductor device according to claim 5 
characterized by being a temperature up process, a constant temperature process, a temperature fall process, or its repeat 
process. 
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DETAILED DESCRIPTION 



"Detailed Description of the Invention] 
0001] 

Field of the Invention] This invention relates to the semiconductor device which has the semiconducting crystal of 
germanium or silicon germanium mixed crystal on the single-crystal-silicon thin film formed on the insulator substrate 
or the insulator layer, and its manufacture approach. Furthermore, it is related with the optical semiconductor device 
which uses the germanium film or the silicon germanium film for a light sensing portion, and its manufacture approach 
about an optical photo detector. 
[0002] 

[Description of the Prior Art] It is silicon and germanium or the hetero epitaxial structure of silicon and silicon 
germanium mixed crystal attracts attention as an ingredient which raises the property of a hetero-bipolar transistor or an 
optical element by leaps and bounds, in order to form crystalline good hetero structure - a CVD method and MBE - 
although vapor growth called law is used, since the lattice constants of silicon and germanium differ when carrying out 
epitaxial growth of the germanium, for example on a silicon single crystal, stress arises inside the germanium film and 
silicon and the germanium film grows - it is alike, and it follows and the island structure of germanium comes to be 
formed. Furthermore, a mismatching rearrangement is introduced from the edge of a germanium island, the 
rearrangement through which it especially pierced in the thickness direction in the film is formed, and such a defect 
leads to the increment in leakage current etc., and produces fault in the device which applied and produced it. 
[0003] In order to prevent island-izing and the penetration rearrangement of such germanium, Tatsumi and others is 
indicating in JP, 10-256 169, A. Drawing 6 is the conceptual diagram of this example of an indication. When the front 
face of the germanium film 2 of the shape of a layer formed in silicon substrate top 1 was covered with the silicon 
germanium mixed crystal 3, and this silicon germanium mixed-crystal film was used as the stress relaxation layer and 
having been heat-treated, the germanium film did not become island structure, but it has reported that a penetration 
rearrangement decreases in the film. However, since the grid mismatching generated near the boundary of a silicon 
substrate 1 and the germanium film 2 was not what disappears completely, leakage current was not still able to be 
reduced. Moreover, there is the need of carrying out the laminating of the silicon germanium mixed-crystal film which 
is a stress relaxation layer with epitaxial growth, and the throughput per wafer was reduced further. 
[0004] 

[Problem(s) to be Solved by the Invention] When this approach is used, there is the need of carrying out the laminating 
of the silicon germanium mixed-crystal film which is a stress relaxation layer, and it is fault on productivity. Then, the 
purpose of this invention is offering the approach of growing up the good crystalline germanium film and crystalline 
good silicon germanium film which carried out grid relaxation on the above-mentioned single-crystal-silicon film by 
using for a stress relaxation layer an insulator substrate or the single-crystal-silicon film formed on the insulator layer. 
[0005] 

[Means for Solving the Problem] The 1st invention possesses the epitaxial film which consists of any of the silicon 
germanium mixed-crystal film, the germanium film, or its multilayer single crystal film on the single-crystal-silicon thin 
film formed on the insulator substrate or the insulator layer, and relates to the semiconductor device characterized by 
having the function to change an extraneous light input signal into an electrical signal. 

[0006] The 2nd invention relates to the semiconductor device of the 1st invention characterized by having the P type 
conductive layer by which the acceptor atom was poured in on said epitaxial film at high concentration, an intrinsic- 
semiconductor layer, and the N type conductive layer by which the donor atom was poured into high concentration. 
[0007] The 3rd invention has a metal membrane on said epitaxial film, and relates to the semiconductor device of the 1st 
invention characterized by an epitaxial film and the metal membrane concerned concerned forming the Schottky barrier. 
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0008] The single-crystal-silicon thin film with which the 4th invention was formed on said insulating substrate or the 
nsulator layer is related with the semiconductor device of the 1 st invention characterized by having silicon-on sapphire 
SOS) structure or silicon on insulator (SOI) structure. 

0009] The 5th invention relates to the manufacture approach of a semiconductor device characterized by having the 

process which carries out epitaxial growth of the silicon germanium mixed-crystal film, the germanium film, or its 

nultilayer single crystal film to an insulating substrate or the single-crystal-silicon thin film on an insulating layer, and 

:he process to which grid relaxation is urged by heat treatment in a process in the middle of [ its ] after that. 

0010] The 6th invention relates to the semiconductor device manufacture approach of the 5th invention characterized 

Dy the process which gives epitaxial growth being either metal-organic chemical vapor deposition (MO-CVD method), 

i molecular-beam grown method (MBE law) or ultra-high-vacuum vapor growth (UHV-CVD method). The 7th 

invention relates to the manufacture approach of the 5th semiconductor device that said heat treatment process is 

;haracterized by being a temperature up process, a constant temperature process, a temperature fall process, or its repeat 

process. 

[0011] 

[Embodiment of the Invention] Below, the outline of this invention is explained. The single-crystal-silicon thin film 
formed on the insulator substrate or the insulator layer has the role which eases the stress produced between the epitaxial 
films which carried out the laminating on the thin film concerned. This effectiveness is explained referring to a drawing 
below. The conceptual diagram of this invention is shown in drawing 1 . As for a silicon oxidation membrane layer and 
5, 4 is [ a single-crystal-silicon thin film and 6 ] the germanium film or the silicon germanium mixed-crystal film. 
Drawing 2 is the limb of drawing 1 . SIMOX (Separation by Implanted Oxygen) which the single-crystal-silicon thin 
film on the silicon oxidation membrane layer 4 drives oxygen ion into a silicon substrate, is made to react with the 
silicon in a substrate, and is used as diacid-ized silicon ~ it is formed by law, the lamination method which one silicon 
substrate is oxidized and is stuck on another silicon substrate. For example, since the lattice constant (5. 64 A) of 
germanium differs from the lattice constant (5.43A) of a single-crystal-silicon thin film as shown in drawing 2 (a) when 
the laminating of the germanium film 6 is carried out on the single-crystal-silicon thin film 5, grid mismatching arises 
by the single-crystal-silicon film 5 and the germanium film 6, and stress arises on each film. In the conventional 
technique, since the substrate of the germanium film 6 which carried out the laminating is a silicon substrate, even if the 
grid mismatching 7 generated in the germanium film 6 heat-treats, it is not extinguished. Moreover, it remains into a 
wafer, without also easing the stress generated in each film, however, in this invention, since it being the single-crystal- 
silicon layer of a thin film directly under the germanium film 6 which carried out the laminating, simultaneously the still 
more nearly amorphous silicon oxidation membrane layer 4 exist, the single-crystal-silicon thin film 5 carries out lattice 
matching to the germanium film 6 by heat-treating. Therefore, the grid mismatching 7 generated in the germanium film 
6 at the time of a laminating becomes possible [ low-**(ing) ]. Moreover, the stress in the film is also eased. 
[0012] Hereafter, the example of this invention is explained with reference to a drawing. The 1st example of this 
invention shown in drawing 3 is the PIN diode of the PIN mold characterized by having the P type germanium layer 10 
in which the acceptor atom was poured into the epitaxial layer of germanium at high concentration, the intrinsic 
germanium layer 9, and the N type germanium layer 8 in which the donor atom was poured into high concentration, and 
a NIP mold, (a) is an PIN mold and (b) is a NIP mold. First, an PIN mold is explained. It thin-film-izes to 5nm or less 
by carrying out sacrifice oxidation of the single-crystal-silicon thin film top on an insulator layer manufactured by the 
SIMOX method or a lamination method described previously. Furthermore, on it, a UHV-CVD method is used and 
epitaxial growth of the germanium film is carried out. However, at the time of epitaxial growth, first, eight layers of N 
type germanium layers are grown up using a phosphine (PH3) and the disilane (Si6H6) mixture of gas, and the intrinsic 
germanium layer 9 is continuously grown up only using a disilane. As an epitaxial grown method, you may be MO- 
CVD method or the MBE method. Then, according to the temperature up process shown in drawing.4 , a constant 
temperature process, and a temperature fall process, the germanium film carries out grid relaxation by the principle 
expressed previously, and the crystalline good germanium film is obtained. Then, the germanium film 10 which carries 
out the ion implantation of the boron (B) to the germanium film, and has the conductive layer of about [ 1 .0x1019cm - ] 
three P type in it is obtained. It is possible to form a PIN diode according to the above process on an insulating substrate 
or the single-crystal-silicon film on an insulator layer. 

[0013] Next, the NIP mold of drawing 4 (b) is explained. In the case of a NIP mold, diboron hexahydnde (B-2 H6) is 
used instead of a phosphine at the time of epitaxial growth. And the ion implantation of Lynn (P) is carried out at the 
time of an ion implantation, and the germanium film 8 with the conductive layer of about [ 1.0x1019cm - ] three N type 
is obtained. 
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0014] The 2nd example of this invention shown in drawing 5 is schottky diode with which the epitaxial film of the 
germanium film and the metal membrane formed on it are characterized by forming the Schottky barrier. It thin-film- 
izes to 5nm or less by carrying out sacrifice oxidation of the single-crystal-silicon thin film on an insulator layer 
manufactured by the SIMOX method or a lamination method described previously. Furthermore, on it, a UHV-CVD 
method is used and epitaxial growth of the germanium film is carried out. However, at the time of epitaxial growth, ten 
layers of P type germanium layers are first grown up using diboron hexahydride (B-2 H6) and the disilane (Si6H6) 
mixture of gas. As an epitaxial grown method, you may be MO-CVD method or the MBE method. Then, according to 
the temperature up process shown in drawing 4 , a constant temperature process, and a temperature fall process, the 
germanium film carries out grid relaxation by the principle expressed previously, and the crystalline good germanium 
film is obtained. Finally, the gold (Au) which is a metal is formed on the germanium film by the spatter. It is possible to 
form schottky diode according to the above process. 
[0015] 

[Effect of the Invention] It is possible to carry out grid relaxation and to grow up the germanium film with few defects 
or' the silicon germanium mixed-crystal film from the above invention, using an organic metal gaseous layer grown 
method (MO-CVD method), a molecular-beam grown method (MBE law), or an ultra-high-vacuum gaseous layer 
grown method (UHV-CVD method), on an insulating substrate or the single-crystal-silicon film formed on the insulator 
layer. Since there are few defects, the leakage current of the device which applied this can be suppressed and it becomes 
possible to raise the property as an optical element of a device. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method of growing a lattice-relaxed germanium 
film or silicon germanium film having only a few 
defects and a good crystallinity on an insulator 
substrate or on a monocrystalline silicon film 
formed on an insulation film. 
SOLUTION: The method of manufacturing a 
semiconductor device comprises a process of 
epitaxial growth of the silicon - germanium 
mixed crystal film, or the germanium film or a 
multilayer monocrystalline film thereof, on the 
insulation substrate or on the monocrystalline 
silicon thin film on the insulation film; and a 
process of accelerating lattice relaxation by 
conducting a heat treatment after the former 
process or in the middle of the former process. 
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